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(54) Inlet valve for swash plate compressor 

(57) Between a cylinder block and a housing, there 
is disposed a valve base plate. The valve base plate is 
fomr^ed with mutually isolated first and second intake 
openings for f luidly communicating each of piston cham- 
bers in the cylinder block with an intake chamber defined 
inthehousing. A reed valve element is incorporated with 
each piston chamber. The reed valve element is ar- 



ranged to open the first and second intake open ings with 
the aid of a fluid when the piston is moved away from 
the reed valve element and close the first and second 
intake openings with the aid of the fluid when the piston 
is moved toward the reed valve element. Due to provi- 
sion of the two, viz., first and second intake openings, 
opening movement of the reed valve element Is carried 
out along with a twisting motion of the same. 



FIG.2 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present Invention relates in general to 
compressors and more particularly the compressors of 
a piston type that is widely used In a cooling system of 
automotive air conditioners. 

2. Description of the Related Art 

[0002] In order to clarify the task of the present inven- 
tion, a piston type compressor disclosed in Laid-open 
Japanese Patent Application (Tokkai-hei) 9-280168 will 
be briefly described. In fact, the compressor of this pub- 
lication Is of a so-called wobble plate piston type that 
has a wobble plate for inducing reciprocating movement 
of pistons. 

[0003] The compressor of the publication generally 
comprises a cylinder block in whteh a plurality of cylin- 
drical piston bores are circularly arranged. The cylindri- 
cal piston bores accommodate respective pistons actu- 
ated by a wobble plate. A housing is attached to one 
end face of the cylinder block having a valve base plate 
disposed therebetween. The housing has an Intake 
chamber defined therein. The valve baseplate Is formed 
with a plurality of intake openings through which the cy- 
lindrical piston bores are communicated with the intake 
chamber respectively. The intake openings are provided 
at the cylinder block side with respective reed valve el- 
ements for opening and closing the intake openings. 
That is, each intake opening and a corresponding reed 
valve element constitute a refrigerant intake valve. The 
reed valve elements are of a type having an enlarged 
leading end portion which actually opens and closes the 
corresponding intake opening. Stopper plates are pro- 
vided at the end face of the cylinder block to regulate a 
lifting of the reed valve elements. Due to provision of the 
stopper plates, excessive opening movement of each 
reed valve element is suppressed and thus generation 
of undesired noise is prevented or at least minimized. 
For increasing a refrigerant intake efficiency of the in- 
take valves, each reed valve element is constructed to 
have asymmetrical sides. Thus, under operation of the 
compressor, opening movement of the reed valve ele- 
ment is carried out along with a twisting motion of the 
same. With this, pressure loss caused by the operation 
of the intake valves is reduced and thus the refrigerant 
intake effk^iency is increased. 

SUMMARY OF THE INVENTION 

[0004] However, due to inherent construction, the 
reed valve elements of the above-mentioned type tend 

to lower the responsiveness thereof. That is, In such 
reed valve element, starting of opening movement tends 
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to be delayed as compared with a normal reed valve 
eiement that has symmetrical sides. If such delay Is not 
small, satisfied increase in refrigerant intake efficiency 
of the intake valves is not expected. 
5 [0005] Accordingly, an object of the present invention 
is to provide a piston type compressor that is free of the 
above-mentioned shortcoming. 
[0006] That Is, according to the present invention, 
there is provided a piston type compressor in which an 
10 opening movement of a reed valve element is carried 
out along with an assured twisting motion of the same 
without sacrificing the responsiveness. 
[0007] According to a first aspect of the present Inven- 
tion , there is provided a piston type compressor for com- 
15 pressing a fluid, which comprises a cylinder block hav- 
ing at least one piston bore formed therein; a piston sl- 
idably received in the piston bore; a drive unit for sucking 
the fluid Into the piston bore and compressing the fluid 
in the piston bore by using said piston; a housing having 
20 an intake chamber for taking the fluid thereinto, the 
housing being attached to one end of the cylinder block 
so that one end of the piston bore faces the intake cham- 
ber: a valve base plate disposed between the end of the 
cylinder block and the housing, the valve base plate hav- 
25 ing mutually Isolated first and second intake openings 
through which the intake chamber and the piston bore 
are fluidiy communicated; and an intake valve plate dis- 
posed between the end of the cylinder block and the 
valve base plate and having a reed valve element de- 
30 fined thereby, the reed valve element being arranged to 
open the first and second intake openings thereby to in- 
troduce the fluid Into the piston bore from the intake 
chamber therethrough when the piston Is moved away 
from the reed valve element and close the first and sec- 
35 end intake openings thereby to stop the fluid introduc- 
tion into the piston bore from the intake chamber when 
the piston is moved toward the reed valve element. 
[0008] According to a second aspect of the present 
invention, there is provided a wobble plate piston type 
40 compressor for compressing a fluid, which comprises a 
cylinder block having at least one cylindrical piston bore 
formed therein; a piston slidably received in the piston 
bore; a wobble plate arranged to effect a wobble motion; 
a piston rod having end universally pivotally connected 
45 to the piston and the other end universally pivotally con- 
nected to the wobble plate; a housing having an intake 
chamber for taking the fluid thereinto, the housing being 
attached to one end of the cylinder block so that one 
end of the piston bore faces the intake chamber; a valve 
50 base plate disposed between the end of the cylinder 
block and the housing, the valve base plate having mu- 
tually isolated first and second Intake openings through 
which the intake chamber and the piston bore are fluidiy 
communicated; and an intake valve plate disposed be- 
55 tween the end of the cylinder block and the valve base 
plate and having at least one reed valve element defined 
thereby, the reed valve being arranged to open the first 
and second intake openings thereby to introduce the f lu- 
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id into the piston bore from the intake chamber there- 
through when the piston is moved away from the reed 
valve element and close the first and second Intake 
openings thereby to stop the fluid Introduction Into the 
piston bore from the intake chamber when the piston Is 
moved toward the reed valve element, the reed valve 
element including an elastic arm portion which extends 
from an Inner base portion of the intake valve plate along 
an imaginary center line, a first valve element part inte- 
gral with the elastk: ann portion and shaped and sized 
to open and close the first intake opening, the first valve 
element part being placed on the Imaginary center line, 
and a second valve element part Integral with the elastic 
ann portion and shaped and sized to open and close the 
second intake opening, the second valve element part 
being offset relative to the imaginary center line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Other objects and advantages of the present 
invention will become apparent from the following de- 
scription when taken in conjunction with the accompa- 
nying drawings, in which: 

Fig. 1 is a section view of a wobble plate piston type 
compressor which is a first embodiment of the 
present invention; 

Fig. 2 is a view of an intake valve plate, which is 

taken from the direction of arrow "Y" of Fig. 1 ; 

Fig. 3 is a view of a valve plate, which is taken from 

the direction of arrow "Y" of Fig. 1 ; 

Fig. 4 is a view of an end face of a cylinder block, 

which Is taken from the direction of arrow "X" of Fig. 

1; 

Fig. 5 is an enlarged view of an essential portion of 
the first embodiment, showing a cylindrical piston 
bore, a first intake opening, a second intake open- 
ing, a discharge opening and a reed valve element; 
Figs. 6A and 6B are drawings showing operative 
movement of the reed valve element, in which Fig. 
6 A is a view taken from the direction of arrow "A" of 
Fig. 6 and Fig. 6B Is a view taken from the direction 
of an-ow "B" of Fig. 5; 

Fig. 7 is a graph showing a difference of refrigerant 
intake eff fclency between the compressor of the first 
embodiment and a less preferred embodiment In 
terms of a relationship between rotation speed of 
the compressor and amount of refrigerant sucked 
into all cylindrical piston bores of the compressor; 
Fig. 8 is a view similar to Fig. 5, but showing a reed 
valve element employed in the conventional com- 
pressor; 

Figs. 9, 10 and 11 are views similar to Fig. 5, but 
showing reed valve elements respectively em- 
ployed in wobble plate piston type compressors of 
second, third and fourth embodiments of the 
present invention; 

Fig. 12 is a perspective view of a front end face of 



the cylinder block where a stopper portion Is provid- 
ed; and 

Fig. 13 is a view similar to Fig. 12, but showing a 
modification of the stopper portion. 

5 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0010] In the following, embodiments of the present 
Invention will be described in detail with reference to the 

10 accompanying drawings. 

[0011] For ease of understanding, various directional 
terms, such as, right, left, upper, lower, rightward, etc., 
are used in the description. However, such terms are to 
be understood with respect to a drawing or drawings on 

15 which corresponding part or portion is Illustrated. 

[0012] Referring to Figs. 1 to 7, particularly Fig. 1 of 
the drawings, there Is shown a wobble plate piston type 
compressor 100 which Is a first embodiment of the 
present invention. As shown, the compressor 100 is of 

^0 a so-called single head type. 

[0013] As is best shown in Fig. 1 , the compressor 1 00 
comprises a cylinder block 2 in which six cylindrical pis- 
ton bores 3 are arranged circulariy, a front housing 4 
attached to a left end face of the cylinder block 2 to de- 

25 fine therebetween a crank chambers and a rear housing 
6 attached to a right end face of the cylinder block 2 
having a circular valve base plate 9 disposed therebe- 
tween. 

[0014] The rear housings has therein both an annular 

30 intake chamber 7 and a circular discharge chamber 8 
which are parted by a generally circular wall W. As Is 
understood from Fig. 3, the annular intake chamber 7 is 
arranged to surround the circular discharge chamber 8. 
[0015] Referring back to Fig. 1 , within the crank cham- 

35 ber 5, there extends a drive shaft 1 0. A drive plate 1 1 is 
fixed to the drive shaft 10 to rotate therewith. A sleeve 
12 is axially slidably disposed about the drive shaft 10. 
A journal member 1 4 Is pivotally connected to the sleeve 
12 through aligned pins 13. A wobble plate 15 is dis- 

40 posed on a boss portion 18 of the joumal member 14 
through a ball bearing 19. The ball bearing 19 has an 
inner race tightly disposed on the boss portion 1 8 and 
an outer race tightly disposed in a recess fomied in the 
wobble plate 15. The swing angle of the wobble plate 

45 1 5 relative to the drive shaft 1 0 Is controlled by a pin 1 7 
of the Journal member 14 that is slidably received In an 
elongate opening 16 fonmed in the drive plate 11 . First 
and second coil springs 1 2a and 1 2b are disposed about 
the drive shaft 1 0 to bias the sleeve 12 toward a force 

50 balanced position. 

[0016] The front housing 4 has a diametrically re- 
duced left end portion on which a pulley 20 is disposed 
through a ball bearing 21. Although not shown in the 
drawing, a drive belt is put on the pulley 20 to drive the 

55 same. As shown , the reduced left end portion of the front 
housing 4 has a center bore through which a left end of 
the drive shaft 1 0 passes to be exposed to the outside. 
[0017] A clutch plate 24 of metal is tightly connected 
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to the exposed left end of the drive shaft 1 0 in a manner 
to face a left end surface of the pulley 20. An electro- 
magnetic coil 25 is concentrically received in the pulley 
20. Thus, when the coil 25 is energized, the clutch plate 
24 is attracted by and attached to the pulley 20 causing 
a united rotation of the pulley 20 with the drive shaft 10, 
[001 8] The six cylindrical piston bores 3 of the cylinder 
block 2 respectively receive pistons 27. Each piston 27 
is operatively connected to the wobble plate 15 through 
a piston rod 26. Forthis operation connection, the piston 
rod 26 has a spherical left end universally pivotally re- 
ceived in a spherical bore formed in the wobble plate 15 
and a spherical right end universally pivotally received 
in a spherical bore fomned in the piston 27. 
[0019] Thus, when the drive shaft 1 0 is rotated about 
its axis, the rotation is converted to reciprocating move- 
ments of the six pistons 27 In the respective cylindrical 
piston bores 3 through the respective piston rods 26. 
Due to the reciprocating movement of each piston 27, 
the refrigerant is led into the cylindrical piston bore 3 
from the intake chamber 7. compressed to change to a 
highly compressed and highly heated medium and dis- 
charged to the discharged chamber 8. 
[0020] The valve base plate 9 intimately disposed be- 
tween each of the cylindrical piston bores 3 and each of 
the intake and discharge chambers 7 and 8 is formed 
with six first intake openings 28, six second intake open- 
ings 29 (not shown in Fig. 1 ) and six discharge openings 
30. The six first intake openings 28 and the six second 
intake openings 29 constitute six pairs of Intake open- 
ings, which respectively communicate the six cylindrical 
piston bores 3 with the intake chamber 7, while the six 
discharge openings 30 respectively communicate the 
six cylindrical piston bores 3 with the discharge chamber 
8. The positioning of these openings 28, 29 and 30 rel- 
ative to the intake and discharge chambers 7 and 8 is 
easily understood from Fig. 3. 

[0021] Referring back to Fig. 1 , each of the discharge 
openings 30 is provided, on a right surface of the valve 
base plate 9 facing the discharge chamber 8. with a reed 
valve element 31 . As shown, each reed valve element 
31 is connected to the valve base plate 9 together with 
a stopper plate 32 by means of a fixing member 33. The 
stopper plate 32 is an-anged to regulate a lifting of the 
reed valve element 31 . 

[0022] On a left surface of the valve base plate 9, 
there is put a circular intake valve plate 34 of which pe- 
ripheral portion is tightly held between a peripheral por- 
tion of the vaive base plate 9 and that of the cylinder 
block 2, as shown. The intake valve plate 34 is con- 
structed of a thin metal plate. 

[0023] As is seen from Fig. 2, the Intake valve plate 
34 is formed with six reed valve elements 35 which are 
circulariy an-anged about a center opening thereof. 
These reed valve elements 35 are the same in shape 
except orientation and produced by pressing or punch- 
ing a blank sheet of the intake valve plate 34. Upon as- 
sembly, these six reed valve elements 35 are respec- 



tively associated with the above-mentioned six pairs of 
intake openings (28. 29) fomned in the valve base plate 
9. Each reed valve element 35 is shaped to exhibit a 

suitable elasticity. 
5 [0024] One of the reed valve elements 35 is shown In 
Fig. 5 on a large scale. As shown, the reed valve ele- 
ment 35 Is anranged and shaped to extend across a di- 
ametrical part of the con^esponding cylindrical piston 
bore 3. 

10 [0025] The reed valve element 35 comprises an elas- 
tic am portion 37 which extends outward from an inner 
base portion of the intake valve plate 34 (see Figs. 2 
and 5), a generally circular first valve element part 36 
which is shaped and sized to open and close the cone- 
is spending first intake opening 28 of the valve base plate 
9 and a semi-circular second valve element part 38 
which is shaped and sized to open and close the corre- 
sponding second intake opening 29. As will become ap- 
parent as the description proceeds, the second valve 
20 element part 38 serves as an element that receives a 
torsion stress. As is well shown in Fig. 5, the distance 
between the first valve element part 36 and the inner 
base portion of the intake valve plate 34 is larger than 
that between the second valve element part 38 and the 
25 inner base portion of the intake valve plate 34. 

[0026] Fig. 5 shows in detail the arrangement of each 
reed valve element 35 relative to the corresponding cy- 
lindrical piston bore 3. con^esponding first and second 
intake openings 28 and 29 and corresponding discharge 
30 opening 30. In this drawing, denoted by numeral 28c is 
a center of the first intake opening 28, and denoted by 
numeral 29c is a center of the second intake opening 
29 . Denoted by numeral 37L is a center line of the elastk; 
arm portion 37 of the reed valve element 35. 
35 [0027] As shown, upon assembly, the center line 37L 
of the arm portion 37 is consistent with a diametrical 
center line 3L of the cylindrical piston bore 3. The center 
28c of the first intake opening 28 Is on the center line 
37L, while, the center 29c of the second intake opening 
40 29 Is away from the center line 37L. That is, the second 
intake opening 29 takes an offset position relative to the 
center line 37L of the reed valve element 35. Because 
of registration between the center line 37L and the dia- 
metrical center line 3L of the cylindrical piston bore 3, 
45 the distance D1 from the base portion of the reed valve 
element 35 to the center 28c of the first Intake opening 
28 can have the largest value in values available to the 
cylindrical piston bore 3. 

[0028] As is seen from Fig. 2, each of the cylindrical 
50 piston bores 3 of the cylinder block 3 is fomned at a right 
end peripheral surface (as viewed in Fig. 1 ) thereof with 
a semi-circular stopper recess 39 which is positioned 
and sized to receive a leading end 35a of the corre- 
sponding reed valve element 35, 
55 [0029] As is seen from Fig. 1 2. the stopper recess 39 
has a flat bottom 39a that is In parallel with the right end 
peripheral surface 3a of the piston bore 3, that is, in par- 
allel with a major surface of the intake valve plate 34. 
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The flat bottom 39a of each stopper recess 39 serves 
as a stopper for regulating a lifting of the corresponding 
reed valve element 35. That is, due to provision of the 
recesses 39, excessive lifting or opening movement of 
the valve elements Is suppressed and thus generation 
of undesired noise is prevented or at least minimized. 
[0030] In the following, operation of the compressor 
1 00 of the first embodiment will be described. 
[0031]- For ease of understanding, the explanation will 
be commenced with respect to an intake stroke of one 
of pistons 27 of the compressor 1 00 with reference to 
Fig. 1. 

[0032] That is, after a compression/discharge stroke, 
the piston 27 Is about to start the intake stroke. Under 
this condition, the piston 27 has just moved from a top 
dead center (viz., the position shown In Fig. 1) toward a 
bottom dead center and thus the corresponding reed 
valve element 35 still closes the corresponding first and 
second intake openings 28 and 29. 
[0033] When the piston 27 is moved leftward, that is, 
toward the bottom dead center, the intemal pressure of 
the cylindrical piston bore 3 is reduced gradually, and 
when the internal pressure of the bore 3 becomes lower 
than that in the intake chamber 7, the reed valve element 
35 opens the first and second intake openings 28 and 
29 thereby to suck the refrigerant into the piston bore 3 
from the intake chamber 7. 

[0034] Upon this sucking flow of the refrigerant into 
the piston bore 3, the reed valve element 35 is slightly 
twisted 

[0035] Upon this, as is seen from Figs. 6A and 6B, the 
reed valve element 35 is twisted by a certain angle due 
to a force that is received by the second vah^e element 
part 38 from a flow of refrigerant led from the second 
Intake opening 29. That is, at the Initial stage of the in- 
take stroke of the piston 27, opening movement of the 
reed valve element 35 Is carried out along with the twist- 
ing motion of the same. This brings about an improved 
opening operation of the valve element 35, so that pres- 
sure loss caused by the operation of the valve element 
35 is reduced or minimized increasing the refrigerant In- 
take efficiency at the initial stage of the intake stroke of 
the piston 27. 

[0036] Furthennore, due to the twisted posture taken 
by the valve element 35, the refrigerant flow from the 
first and second Intake openings 28 and 29 Is forced to 
flow toward the cylindrical inner surface of the piston 
bore 3 inducing a vortex flow of the refrigerant In the 
piston bore 3. This promotes or increases the refrigerant 
Intake efficiency at the initial stage of the intake stroke 
of the piston 27. 

[0037] Due to further movement of the piston 27 to- 
ward the bottom dead center, the reed valve element 35 
increases its opening degree. When, during this move- 
ment of the piston 27, the leading end 35a of the valve 
element 35 is brought into contact with the bottom of the 
stopper recess 39 formed on the cylinder block 2, the 
opening degree of the valve element 35 becomes fixed. 



Thus, thereafter, the refrigerant is sucked into the piston 
bore 3 at a rate determined by the fixed opening degree 
of the valve element 35. Even under this condition, the 
twisted posture of the valve element 35 is kept by the 
5 force possessed by the refrigerant flow from the second 
Intake opening 29. Thus, the satisfied refrigerant intake 
efficiency is kept during the intake stroke of the piston 
27. 

[0038] When the piston 27 comes to the bottom dead 

10 center, the Intake stroke Is finished and the compres- 
sion/discharge stroke of the piston 27 starts. 
[0039] In order to examine the performance, the wob- 
ble plate piston type compressor 1 00 of the first embod- 
iment was subjected to a performance test Investigating 

IS a relationship between the rotation speed (rpni) of the 
compressor 100 (viz., the drive shaft 10) and amount 
(Kg) of refrigerant led Into the six piston bores 3 per hour 
(h). For comparison, a less preferred embodiment of the 
Invention was also examined. As is seen from Fig. 8, a 

20 reed valve element 1 35 of the less preferred embodi- 
ment had no structure corresponding to the second 
valve element part 38 employed in the first embodiment 
100. Thus, in the less preferred embodiment, there was 
no opening corresponding to the second intake opening 

25 29 employed in the first embodiment 1 00. 

[0040] In both compressors, the diameter of the cylin- 
drical piston bore 3 was 28.7mm, the diameter of the 
first intake opening 28 was 8.0mm. the thickness of the 
valve element 35 or 135 was 0.3mm, and the width D2 

30 of the elastic arm portion 37 or 137 was 5.8mm. In the 
compressor 100, the diameter of the second intake 
opening 29 was 5.0mm, and the distance D3 (viz. , offset 
degree of the second valve element part 38 relative to 
the center line 37L) between the center 29c of the sec- 

35 ond intake opening 29 and the diametrical center line 
3L of the cylindrical piston bore 3 was 6.0mm. 
[0041 ] The results of the performance test are depict- 
ed by the graph of Fig. 7. 

[0042] As is seen from this graph, the compressor 1 00 
^ of the invention showed a slightly higher refrigerant in- 
take efficiency than the compressor of the less preferred 
embodiment when the rotation speed exceeded about 
1 ,800rpnri, and the difference of efficiency between the 
two compressors gradually increased as the rotation 
45 speed increased to about 3,000rpm, and the difference 
of efficiency was saturated when the rotation speed ex- 
ceeded about 3,000rpm. 

[0043] As shown, when the rotation speed was less 
than 1 ,800rpm, there was no substantial difference of 

50 efficiency between the two compressors. The reason 
may be because in such a low speed operation, the re- 
frigerant flow speed was too low and thus the pressure 
loss caused by the operation of the valve element 35 or 
135 was not marked. As Is known to those skilled In the 

55 art, such pressure loss is proportional to the square of 
the flow speed. 

[0044] As has been described hereinabove, in the 
wobble plate piston type compressor 1 00 of the first em- 



5 



1255042A2J_> 



9 



EP 1 255 042 A2 



10 



bodiment, the valve base plate 9 is formed with two, viz., 
first and second Intake openings 28 and 29 for each cy- 
lindrical piston bore 3, and the corresponding reed vaive 
element 35 Is so arranged that the center 29c of the sec- 
ond intake opening 29 is placed at an offset position with 
respect to the center line 37L of the reed valve element 

35, and the reed valve element 35 is fomied with the 
second valve element part 38 that faces the second In- 
take opening 29. Thus, a pressure receiving area of the 
reed valve element 35 is enlarged improving the respon- 
siveness of the valve element 35, and the twisting mo- 
tion of the reed valve element 35 is assuredly carried 
out at the intake stroke of the piston 27. Thus, the re- 
frigerant intake efficiency of each cylindrical piston bore 
3 is increased thereby improving the performance of the 
compressor 100. 

[0045] In the first embodiment 1 00, the offset degree 

of the second intake port 29 relative to the center line 
37L of ihe reed valve element 35 is large. Thus, in op- 
eration, the valve element 35 can receive a marked tor- 
sional stress from the refrigerant flow led from the sec- 
ond take port 29, and thus, the twisting motion is assur- 
edly exhibited by the valve element 35 during its opening 
operation . 

[0046] In the first embodiment 1 00, the center line37L 
of the reed valve element 35 is consistent with the dia- 
metrical center line 3L of the corresponding cylindrical 
piston bore 3. Accordingly, the elastic arm portion 37 of 
the element 35 can have the longest length, as has been 
described hereinabove. The longest length brings about 
an appropriate elasticity in opening and closing the first 
Intake opening 28. 

[0047] Furthermore, in the first embodiment 1 00, the 
following advantage is obtainable by the isolated ar- 
rangement of the first and second intake openings 28 
and 29 in the valve base plate 9. That is, in the first em- 
bodiment 1 00, enlargement of a refrigerant flow opening 
area is achieved by the two intake openings 28 and 29, 
not by increasing the size of one Intake opening. Ac- 
cordingly, the reed valve element 35 is protected from 
such an undesirable phenomenon that under operation, 
only a limited portion, viz., the first valve element part 

36, would be applied with an excessive load by a refrig- 
erant flow led from the enlarged intake opening 28. In 
other words, In the first embodiment 100, the first and 
second valve element parts 36 and 38 of the valve ele- 
ment 35 are protected from such excessive load. 
[0048] In the first embodiment 1 00, the size of thefirst 
intake opening 28 is largerthan that of the second intake 
opening 29. However, if desired, the size of the first In- 
take opening 28 may be smaller than or equal to that of 
the second intake opening 29. In the first embodiment 
1 00, the first and second intake openings 28 and 29 are 
circular in shape. However, if desired, the first and sec- 
ond intake openings 28 and 29 may have other shapes, 
for example, semi-circular, elliptic, rectangular and hex- 
agonal shapes. 

[0049] Referring to Fig. 9, there is shown a reed valve 



element 40 that Is employed In a wobble plate piston 
type compressor 200 of a second embodiment of the 

present invention. 

[0050] As shown, in this second embodiment 200, the 

5 reed valve element 40 has a symmetrical shape. That 
is, the reed valve element 40 comprises an elastic arm 
portion 37 whose center line 40L Is consistent with a di- 
ametrical center line 3L of the cylindrical piston bore 3. 
As shown, the elastic arm portion 37 is so sized as to 

10 cover both the first and second intake openings 28 and 
29. In other words, the first and second valve element 
parts 36 and 38 for opening and closing the first and 
second intake openings 28 and 29 are both included in 
the elastic ann portion 37. Denoted by numeral 40a is 

>^ a leading end of the elastic arm portion 37, that is en- 
gageable with the stopper recess 39. 
[0051 ] As Is seen from the drawing, the second valve 
element part 38 is placed at an offset position relative 
to the center line 40L. The offset degree D3 of the sec- 

20 ond valve element part 38 is small relative to that of the 
above-mentioned first embodiment 100. This second 
embodiment 200 Is particularly usable In the compres- 
sors of a type in which the diameter of each cylindrical 
piston bore 3 is relatively large and thus the elastic arm 

25 portion 37 has an increased length. That is, due to the 
increased length, the elastic arm portion 37 can be read- 
ily twisted by a small force (or moment) caused by the 
smaller offset degree D3 of the s^ond valve element 
part 38. 

30 [0052] Refemng to Fig. 10, there is shown a reed 
valve element 41 that Is employed In a wobble plate pis- 
ton type compressor 300 of a third embodiment of the 
present invention. 

[0053] As shown, in this third embodiment 300, the 

35 center line 41 L of the elastic arm portion 37 of the reed 
valve element 41 is placed at an offset position relative 
to the diametrical center line 3L of the cylindrical piston 
bore 3. The center 28c of the first intake opening 28 is 
consistent with the center line 41 L, and the center 29c 

40 of the second intake opening 29 is consistent with the 
diametrical center line 3L. Denoted by numeral 41a is 
the leading end of the elastic arm portion 37, that Is en- 
gageable with the stopper recess 39. In this third em- 
bodiment 300, the twisting of the reed valve element 41 

45 is much assuredly made when the leading end 41a of 
the arm portion 37 Is received by the stopper recess 39. 
[0054] Referring to Fig. 11, there is shown a reed 
valve element 42 that is employed in a wobble plate pis- 
ton type compressor 400 of a fourth embodiment of the 

50 present invention. 

[0055] As shown , this embodiment 400 is substantial- 
ly the same as the above-mentioned third embodiment 
300 except that in the fourth embodiment 400 the center 
29c of the second intake opening 29 is not consistent 

55 with the diametrical center line 3L of the cylindrical pis- 
ton bore 3. Denoted by numeral 42a is the leading end 
of the elastic arm portion 37, that Is engageable with the 
stopper recess 39. 
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[0056] If desired, as is seen from Fig. 1 3, each stopper 
recess 43 may have an Inclined bottom 43a that is in- 
clined relative to the right end peripheral surface 3a of 
the piston bore 3, that Is, relative to the major surface 
of the intake valve plate 34. As shown, the inclination of 5 
the bottom 43a is so made as to promote the twisting 
motion of the reed valve element 35 40, 41 or 42 when 
the leading end 35a, 40a, 41a or 42a of the valve ele- 
ment 35, 40, 41 or 42 is fully received by the stopper 
recess 43. io 
[0057] Although the above-description is directed to 
the wobble plate piston type compressor, the invention 
can be applied to a so-called swash plate piston type 
compressor. In this case, one end of each piston is sli- 
dably engaged with a periphery of the swash plate is 
through shoes. 

[0058] The entire contents of Japanese Patent Appli- 
cation 2001 -1 34482 filed May 1 , 2001 are incorporated 
herein by reference. 

[0059] Although the invention has been described 
above with reference to the embodiments of the inven- 
tion, the invention is not limited to such embodiments as 
described above. Various modifications and variations 
of such embodiments may be carried out by those 
skilled in the art, in light of the above description. 2s 



Claims 

4. 

1 . A piston type compressor for compressing a fluid. 3o 

comprising: 

a cylinder block having at least one piston bore 
fomried therein; 5. 
a piston slidably received In said piston bore; 35 
a drive unit for sucking the fluid into said piston 
bore and compressing the fluid in the piston 
bore by using said piston; 
a housing having an Intake chamber for taking 
the fluid thereinto, said housing being attached 40 6. 
to one end of said cylinder block so that one 
end of said piston bore faces said intake cham- 
ber; 

a valve base plate disposed between said end 7. 
of said cylinder block and said housing, said 45 
valve base plate having mutually isolated first 
and second intake openings through which said 
intake chamber and said piston bore are flu idly 
communicated; and 

an intake valve plate disposed between said so s. 
end of said cylinder block and said valve base 
plate and having a reed valve element defined 
thereby, said reed valve element being ar- 
ranged to open said first and second Intake 
openings thereby to introduce the fluid into said ss 9. 
piston bore from said intake chamber there- 
through when said piston is moved away from 
said reed valve element and close said first and 



second intake openings thereby to stop thefluld 
introduction Into the piston bore from said In- 
take chamber when said piston is moved to- 
ward said reed valve element. 

A piston type compressor as claimed in Claim 1 , in 
which said drive unit is arranged to induce a recip- 
rocating movement of said piston in aid piston 
chamber. 

A piston type compressor as claimed in Claim 2, in 
which said reed valve element comprises: 

an elastic arm portion which extends from an 
inner base portion of said Intake valve plate 
along an imaginary center line; 
a first valve element part integral with said elas- 
tic ami portion and shaped and sized to open 
and close said first intake opening, said first 
valve element part being placed on said Imag- 
inary center line; and 

a second valve element part integral with sajd 
elastb arm portion and shaped and sized to 
open and close said second intake opening, 

wherein said second valve element part is off- 
set relative to said imaginary center line. 

A piston type compressor as claimed in Claim 3, in 
which said Imaginary center line of said elastic arm 
portion is consistent with a diametrical center line 
of said piston bore. 

A piston type compressor as claimed in Claim 3, In 
which a distance between said first valve element 
part and said inner base portion is greater than that 
between said second valve element part and said 
inner base portion. 

A piston type compressor as claimed in Claim 3, In 
which each of said first and second valve elements 
parts has a rounded periphery. 

A piston type compressor as claimed in Claim 3, in 
which said elastic anm portion, said first valve ele- 
ment and said second valve element are merged to 
constitute a generally rectangular reed valve ele- 
ment. 

A piston type compressor as claimed in Claim 4, in 
which said imaginary center line of said elastic arm 
portion substantially passes through a center of 
said first intake opening. 

A piston type compressor as claimed in Claim 8, in 
which a diametrical center line of said piston bore 
substantially passes through a center of said sec- 
ond intake opening. 



7 



BNSDOCID: <EP 



.1255042A2_L> 



4 



13 EP 1255 042 A2 14 



10. A piston type compressor as ciaimed in Claim 3, fur- 
ther comprising a stopper structure by which a lead- 
ing end of said elastic arm portion of said reed valve 
element is restrained when said elastic arm portion 

is lifted by a given degree. s 

11. A piston type compressor as claimed in Claim 10, 
in which said stopper structure comprises a recess 
formed at a peripheral end portion of said piston 
bore, said recess having a flat bottom. io 

12. A piston type compressor as claimed in Claim 11 , 
in which said flat bottom of said recess is in parallel 
with a major surface of said Intake valve plate. 

15 

13. A piston type compressor as claimed in Claim 11, 
In which said flat bottom of said recess is inclined 
relative to a major surface of said intake valve plate. 

14. A piston type compressor as claimed in Claim 13, 
in which the inclination of said flat bottom is so made 
as to promote a twisting motion of the reed valve 
element which would be produced when, upon lift- 
ing of said reed valve element from said first and 
second intake openings, the fluid is led into the pis- 2s 
ton chamber from said intake chamber through said 
first and second intake openings impinging against 
said first and second valve element parts. 

15. A piston type compressor as claimed in Claim 2, in so 
which said drive unit comprises a wobble plate 
which effects a wobble motion under operation of 
said compressor, and a piston rod having one end 
universally pivotally connected to said wobble plate 
and the other end universally pivotally connected to 35 
said piston. 

16. A piston type compressor as claimed in Claim 2, in 
which said drive unit comprises a swash plate which 
effects a swash plate motion under operation of said 40 
compressor, said swash plate being operatlvely 
connected to said piston to induce the reciprocating 
movement of the piston when operated. 

17. A reciprocating piston type compressor for com- ^ 
pressing a fluid, comprising: 



of said cylinder block and said housing, said 
valve base plate having mutually isolated first 
and second intake openings through which said 
intake chamber and said piston bore are f luidly 
communicated; and 

an intake valve plate disposed between said 
end of said cylinder block and said valve base 
plate and having at least one reed valve ele- 
ment defined thereby, said reed valve being ar- 
ranged to open said first and second intake 
openings thereby to introduce the fluid into said 
piston bore from said Intake chamber there- 
through when said piston is moved away from 
said reed valve element and close said first and 
second Intake openings thereby to stop the fluid 
introduction into said piston bore from saki in- 
take chamber when said piston is moved to- 
ward said reed valve element, said reed valve 
element including an elastic arm portion which 
extends from an inner base portion of said in- 
take valve plate along an imaginary center line, 
a first valve element part integral with said elas- 
tic arm portion and shaped and sized to open 
and close said first intake opening and a sec- 
ond valve element part integral with said elastic 
arm portion and shaped and sized to open and 
close said second intake opening, said first 
valve element part being placed on said Imag- 
inary center linesaid second valve element part 
being placed offset relative to said Imaginary 
center line. 



a cylinder block having at least one cylindrical 
piston bore formed therein; 

a piston slidably received in said piston bore; so 
a drive unit for inducing reciprocating move- 
ment of sard piston in said piston bore; 
a housing having an intake chamber for taking 
the fluid thereinto, said housing being attached 
to one end of said cylinder block so that one 55 
end of said piston bore faces said intake cham- 
ber; 

a valve base plate disposed between said end 
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